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Easier to Heat Treat 

T he wide hardening range, and the fact 
that drawback temperatures have little 
effect between very wide limits, make the 
heat treatment of Molybdenum Steels simple 
a^d reliable. The broader limits afforded 
mean fewer re-treated parts and a propor* 
donate saving in cost. 

The higher drawing temperatures possible 
with Molybdenum Steels ^»^e ease in fur- 
nace regulation and manipularion, whUe 
markedly increasing the finished product’s 
resistance to dynamic stress and to fadgue. 
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A ny number of business men can 
see an opportunity after the wise 
ones have made money at it. 

In a few more months the awakening 
will come — and then everybody will 
want to be an Aerom'arine dealer. 

But right now is the time when sales 
are being made — when territory is be- 
ing tied up — when the cream of a great 
business is going to those men of vision 
who have realized that aviation is here 
— for good. 

Aeromarine travel is simply a matter 


of getting into a luxurious mahogany 
silver trimmed and leather padded 
cabin — in your street clothes — and 
going swiftly, steadily and surely to 
your destination, in one quarter the 
time of land travel and with none of 
its dust, dirt, and delay. 

No wonder the .\eromarine demon- 
stration is the one that sells the pros- 
pect every time. 

Write us today of dealer opportu- 
nities — before the cream of the business 
has been taken by the men of vision. 
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y^VIATION history — aviation accom' 
plishment — in America has been written 
largely around Wright Achievement. 
Pioneenng in a field that offered no precedent 
made necessary a technical organization capable 
of wide vision and engineering skill of the 
highest order. 

The latest Wright-made achievement — the 
Wright'Hispano Aeronautical Engine — is the 
sum of fifty thousand separate experiences in 
aviation engines - a record incomparable ! 

This company is making the building of avia- 
tion engines its sole interest and is committed 
to the production of only the highest types of 
motois for all aircraft. 


Plane manufacturers and owners are insisting on 
Wiighc-maclc Engine mnoJliicum where reliabitiQ 
ofperforrtumceuparamowni. Therewa Wnght- 
made Motor /or practscally every flytng craft. 

Our Service Department uall ddvvse with >ou 
concerning engine mitaliation on request. 
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Money in 

the Air 

Commercial Aviation is on the increase-passenger and freight 
carrying airlines are being organized all over the coiutry— 
hard headed business men are realizing the possibilities of 
aircraft as a means of solid investment— the Human Interest 
is there— £verjifcodji Wants to Fly. 

Before selecting your air routes, locations and the right kind 
of flying craft— team all you can about Oxameraal Aviation 
in the United States— READ 


The Aircraft Year Book for 1920 

Issued by the Manufacturers Aircraft Association. Inc. 


Jml a few inleresling chapters in this book containing 335 pages of facts 
about flying. 80 pages of instructive photographs and numerous maps. 


Read’s Oam Story of the Tram-Atlantie Flight. 
Complete records of the 

Aerial Mail Sport. Flying 

Forest Patrol Passenger Lines 

Chronology of 1919 in Aviation 
U. S. Army Air 5ervice f^iciories 
Hots the World has been tioo-lhirds flovn 
around in the past year. 


List of Permanent and Emergency Landing 
Fields in the U. S. 

Map of World" s Air Routes 
Map of U. S. Air Routes 
Map of U. S. Landing Fields 


Aircraft in Commerce and many other Interesting 
Facts. 
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OBOBOE BEWBOLD 


T Iig spanning of the American continent by the extension of 
the Kew Tork-Omaha air mail route U> San Francisco 
may truly be said to mark the commencement of a new 
era in the rapid transportation of maiU. By this service the 
air mail will daily advance 400 lb. of mail 42 hr. into San 
Francisco, which performance cuts the train time between 
the Atlantic and the Pacific coasts nearly in half. At the 
Bsme time 1,000 lb. of mail will be accelerated 24 br. into San 

The economic resnlts this event is bnnnd to produce ore 
obvious. By speeding np business correspondence, the coast- 
to-eoasl air mail service indirectly accelerates prodnetioo and 
BO contributes to the welfare of the nation. 

This result alone would fully justify the expense involved in 
the establishment of the transcontinental air mail service. 
But it has still another significance, perhaps more important 
than the first named. 

The 2,050-milo mrwny which now stretches from Now Tork 
to San Fmneiseo constitntes probably the greatest system of 
Kgnlarly maintained airports in the world. Fourteen landii^ 
fields, completely equipped with hangars, fnel and repair 
facilities, and situated approximately every 200 miles along 
the aiisvay, will enable the mail pilots to wing their way on 
schedule from coast to coast. In addition the ground or- 

natber forecastings will be sent to the mail planes through 
wireless telephone. As a farther safety feature most of the 
eommuiiilies sitnsted'five miles north and five miles south of 
the trsiiFcontinental airway have agreed to paint in 4-foot 

bnilding for the guidance of all pilots. 

The Atlantic and the Pacific Coasts are thus connected by 
in ainvay ten miles broad which affords the ground organi- 
tation that aerial navigation demands. In time of war this 
airway woald enable oar service sqasdrons to be despatched 
to either const uuder the best possible conditions. For com- 
mercial purposes its imimrtance promises to become just as 
great. In fact, the performance of the air mail will undoubt- 
edly act ns an incentive to prospective air transport firms 
by satrgesting that if airplanes can carry mail on schedule 
from coast to coast they ran likewise transport passengers. 

The Air Moil Serviee is to be congratulated upon the way 
ia which it has forged ito way westward. Pit^crcsaing step by 
step, it overcame obstacles that seemed well nip^ nusurmciant- 
sble a few years ago, until it succeeded in completing the 
awial link between the Atlantic and the Pacific coasts, 


Nomenclature for Aeronautics 
The importance of a standard nomenclature for aeronantice 
is obvious at first sight. In the early days of aviation there 
edited n considerable chaos in the matter of aeronantical 
terais, many investigators coining their own words, others 
sting French terms none of wbitdi were in general eleariy 
defined. The term deealage, which has indifferently been used 


to denote difference in incidence between the upper and lower 
plane of a machine and difference in incidence betweat the 

mainly employed for expressing stagger, is a classic instance. 

The issuance, by the National Advisory Committee for 
Aeronautics, of a new and greatly enlarged nomenclature for 
aeronautics will therefore be warmly welcomed by the avia- 
tion rvorid. White few chanipis occur in the new compilation 

(Report No. 01) eontains a great number of additional terms 
which the practice has confirmed in their usage. The whole 
eom|>ilntioD strikes us as being very carefully thought out, 
with the definitions thoroughly clear and preeiae. The intro- 
duction of the term cell, to denote “the entire structure of the 
wings and wing trussing on one side of the fuselage of an 
airplane, or between fuselages and nacelles, where there are 
more than one,” is a happy adaptation of the French cellule 
which wiU fill a long felt want. 

In view of the important poaition the National Advisory 
Committee for Aeronantics holds in the aviation world it is 
to be hoped that its new nomenclature will find a widespread 
use not only by aeronautical tvriters, but also by tbe lay press, 
which is altogether too prone to nse misnom e rs in subjects 
.leronautical. The worst and most commonly committed 
offense in this respect is the nse of the term airship — whidi 
denotes a dirigible balloon only — for aircraft, that is any kind 
of aerial vehicle, be it balloon, airplane or poroehnte. A con- 
certed action by the American press with a view to teaching 
the pnhlio— and their own writers — correct aeronautical terms 
would do much good in overcoming this r^rettable state of 
aSairs. 


Air Cooled Aero Engines 

The water-cooled engine has almost monopolised the acten- 

cooling. Many advantages over the latter have been claimed 
and advanced ns the reasons for this state of affairs, which 
reflects their relative popularity for automobiles. Chief 
among them were grentor reliability, econcuuy, and less limita- 
tion of size of cylinder. On the other hand, lighter weight was 
generally conceded to the air-cooled engines. Scientific 
research has ehanged sonic of these aignments. It is now 
possible to get theruisl efficiencies with air cooling qnito as 
good, if not better, than in water-cooicd engines. The oon- 
stmction of the fixed cylinder laiUals is simpler, if anything, 
largely on account of the elimination of the water pumps. 
Reliability should therefore be better. Great pn^^resa in the 
power per cylinder and total ;x>wer has also been made. Tbe 
overall diameter of the larger motors is excessive from tbe 
resistance point of view, but there is reason to believe that 
research can solve this problem of keeping the bead resistance 
within reasonable limits. All of these points bold so mneh 
promise that it is pleasant to behold the interest and support 
of this QTie shown by Army and Navy. 
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The Design of Monocoque Fuselages 

By Annin Elmendorf. M. Sc., M. E. 

CanMiiling Engineer, HaekelUe M/g. Co., Cfiieago 



less and opnies, (crrater resisMnre to buckling is obtained ij 
I niononxiue fuselage when the fare grain extends in th< 
ongitudinal direction. 


— = ( 1 ) 

p. Bi t: 

It is desired to know wliat the ratio of the maximnm loads is 
for two columns, one of low and the other of high densty 
plywood, when the weight of the two columns is the same. 
Since the thickness is inveiscly proportional to the density, 
equation (1) may be written; . 


s sometimes suggested t 
od in plywood if tlie gi 
other tlian On deg., iis 


results may he 

nt 45 deg. or 00 
o lie n>conmirnde<I 
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all ns 10 deg. f 
grain of successive plies 
addition to the fact that 
raistanee to buckling may be lowered, it is undesirable 
e odd angles between tlie grain of successive plies in 


sltould be adhered tt 


selage. 

e rule for syiimietrical construct 
;s the curvature is snflicicntly h;_, 
nrp is largely countemeted by tbe bend. Sj'mmetrical 
;niction in plywood is obtained by the use of an odd 
ler of plies so arranged that for any ply on one side of 


nothei 


n tbe opp 


;hicknes8, species and distanci 
)f successive plies should cross ns nearly at right angles as 
feasible. Und<-r these conditions the grain of symmetrical 
plies all runs in the same direction. 

JVumher of PUes 

Column tests on plywood panels show that there is a de- 
wea.se of the column strength parallel to tile face grain and an 
inm'Bse in strength in a direction at right angles to the face 
with an increase in the number of plies for a given, panel 
it follows that the three-ply construction is preferaUle to the 

the stiffness longitudinally when the face grain is longitudinal, 
■ ■ ■' that the three-ply construction is probably prefer- 


Pi B. g> 

Comparing three-ply redwood with three-ply yellow birch as 
an example by sulratitnting the respective values of tbe moduli 
of elasticity and the specific gravities, the following is oh- 
tainedt 

7'i llbOOOO .67' 

— =•- X — = 2-12 

P, 'i26l)(HH) .42* 

In otlier words, a coinnm of three-ply redwood of the same 
weight as a column of three-ply birch should sustain slightly 
iniiiv than twice tbe load of the latter. 

In Table II, under “Computed Ratios,” the ratios of coiumn 
strengths for a number of high and low density species am 

Under “Ratios from Column TcaU," comparisons are made 
between the actual loads sustained under test by round-ended 
columns, 12 in. long, of each of the species under considera- 
tion, tile exact unit column load for a particular thickneai 
Ivcing obtained from curves plotted from test data between 
maximum unit column load and column thickness. The thick- 
ness of tile high density column was assumed given (the twi> 
tliiekneses used were 0.15 in. and 0.26 in.), and the thickness 
of the low density column wa.« computed from this by means 
of the average specific gravity data. The unit load corres- 
ponding to the thickness obtained in this way determined Mia 
total load so tbst the ratio division could be made, since the 
lood of the high density columns was known. From the data 
given in Table II, it will therefore be seen that a low density 
olumn of any of tbe species listed of the 
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8 for 


low den 
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pine. 
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a the 


..lould sustain from 2 ti 
anscqucntly the reaisfance to bnckling is 
ity than for high density plywood of the 


Tbe cost of the five-ply shell is also considerably greater 
than the three-ply shell, and its weight for a given thickness is 
slightly greater on account of the added glue. 

Specie, 

Maximum column load (and buckling strength) varies 
dire.-llv as tbe modulus of elasticity of the column material 
and ns tbe cube of the Ibiekness. Tlie first criterion sureeste 
the use of high dcnsiti’ woods, such as yellow birch, sugar 
Diajilc ami beecli, because tlie modulus of elasticity is greatest 
for such liigb densi ' ’ - - . • . .. 


of the lath 
greater for low 

**Anothe^ important factor commends the use of low dcosity 
wood for use in fuselage shell construction, namely, its super- 
ior resistance to conditions tending to warp plywood. Low 
density plvwood is apprcc'aWy thicker than the high density 
plvwood of the satpe weight, consequently it tends to remain 
“put'' better than the latter, for warping decreases vnth an 
increase in thieknosa. Warping also appears, in general, to le 
less for the low density plywoods, even when of the aatt« 
thickness as tbe high density plywoods. 

Fueeioge Section 


Hav 




ifronted with the seleci 


plywood itself, the dc 
of the most effective lusi-iugu 
enssion, it will be assumed that the aerodynamic characteris- 
tics of a fuselage arc not materially altered by changing tlie 
transverse section, and that the mechanism and apparatus 
the fuselage houses are equally readily accommodated in eacih 

out the fact that buckling in 
II of local column failure. Tlio 


a fuselage shell is du 


The veneer siieciea' given above are all satisfactory for air- 
plane pl>-wood. Plywood mode of them will be grouped into 

two groniiB high density ami low density plywood- In the 

fonii of jriued three-iilv wood, ranging in thickness from 0.1 
to 0.5 in., the average specific gravity of liic former is about 
0.G7. hosed mion oven dry weight and air-dry volume, and the 
avernire si>eeific gravitv of tbe latter about 0,43. 

Ill the following discussion the suliseriirt (2) refers to low 
densitv plvwood and (1) to high density plywood. F is the 
maxiiiium 'load, K the modulus of elasticity, I the th-ckness 
of the column section, and g the specific gravity. The fol- 
lowing relation holds for long, columns, irrespective of the 


long 


nd n.Of 


,. thick. If tl 


IU»,-. or upper surface of the fuselage, the strips of wl 
they are the sections will lie sub.iccted to end forces when 
fuselage is stressed, nnd thej- 
along the edges when buckiii 
strengths of columns having -s 
depends upon the length of the arc ch< 
of the section, as well as ”” 

Proportionality between 
moment of inertia about ar 
of the section will be asse 


..inforord 

». The ratio of 
ir to tliose shown 

and the thickness 

the support along the edgiis. 
olumn strength and miniroum 
is through the center of gravi^ 
d because such a relation holds 
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I*ia 4. ABCS OB Cmciis Showing the ErrarT or CrsvATCHE 
Oh thb Moment or Inebtia AiexT niK Ckstbr or Oravitv. 
B — Ratio of /.f of snv section to for section B 
e = iATifrth of are =« 6 indies for all ores 
r Radios in inches 

Moment of inertia about tiur. axis throug;lj center of 
gia\ity of the are. 

t = Thickness of are in inches — eSJ»; K 5" 

r = K8 A ».5» 


100 


exactly for ordinary lone columns. In order to compare the 
strenfrtbs of eolnmna having the different sections shown in 

of inertia aboot a horiauntal axis through the center of gravity. 

The rapid change in moment of inertia for the various see- 
tiona abown in Fig. 4 is very aignificant in (hat it shows 
approximately what effect increasing curvature may have on 
the reeistance to bnrkling. Section B. for example, has a 
moment of inertia about a boricontnl axis throdgh its center 
of gravity that is fifty times as great as that of section D. 
It is ohvions that a change in cnrvatnre from section D to thot 
of section B sbould resnit in a very mnitced improvement in 

resistance to buckling is borne ont hy the tests, as will be seen 
from the results in Tsbie I. 



Minor axis 6 of ellipse constant = 1.0 
Jfa.ior nxis a of ellipse vsrinhic 

plliiw = c^rciimftrenre 'circle 
1 ■ thickness of shell: at = 0.1 for all sections 


Assnminc the ssme fiber stress, it reniHins to bp seen which 
tvpe of complete section gives the grester resisting moment 
for s given weight. A eomparison of strength is here made 
between fuselage shells having an ellipticjil section and those 
having a eireulBr section. For this purpose an eltiptieal see- 
t'on having » minor axis of fixed len^h was assnmed and 
thi' ralio of the length of the ma.ior axis to the minor axis was 
varied, keep'ng the. area of (he section of the ahdl fi. e. the 
weight of the fuselage) constant in each ease. Oirenlar 
sections corresponding to each of the elliptic sections wen 
determined such that the circumference of the eircle is equil 
to the perimeter of the corresponding ellipse and the thieknsas 
of the circular shell is equal to the thickness of the dliptie 
shell. Moments of inertia about the minor axis were com- 
puted in each ease and the section moduli determined for 
each. The same was done for the cirenlar sections. The re- 
solts of these computations are given in Fig. 4. in which tbs 
ratio of the section modulus of the elliptic sections to the 
section modnlns of the circular section is plotted against tbs 
ratio of the ma.iOT to the minor axis of the ellipse. Sines 

stress is directly proportional to the section modnlns. the 
fuselage section having the greatest section modulus wH! 
sustain the greatest bending moment. On the basis of their 
seetion moduli. Fig. 6 shows that for ratios of ma.ior and 
minor axis from 1 to about 3. the elliptic section has a slijrfjt 
advantage over the eirctilar section. Add to this the very 
significant advantage of greater resistance to buckling on 
account of the sharper mrvatnre at the points most highly 
stressed, it will be seen that the elUptio section should show 
appreciably anperior strength over the circular section. 

The elliptic section also provides greater depth for the pilot 
or passenger. 



Aeromarine Model 40 Hull Test 




The tests were made in accordance v. 

from the Bureau of Coostmetion and Repair and i 
in the appendix of this report. 

To simulate flying condition the bnll was suspended by 
means of the flying wires attached to the hull and the whole 
arraogement constructed so that the bnll would be balanced 
at the center of pressnre for low speed. 

In making tbe teat for diving condition the hull was sus- 
pended in the same manner and the tail surfaces were loaded 
twenty pounds per square foot, tbe part of the hull aft of the 
rear flying wires acting as a cantilever. 

The test for landing load was made with the hull supported 
on a small handling truck, and loads added in increments of a 
unit landing load. 

Data and Place 

The tests were made at tbe Aeromarine Plane and Motor 
Company's factory, Keyport, New Jersey. Mr. Fred Keller 
of the Engineering Department of the Company was in charge 
of tbe testa. Ensign Eldmnnd A. Whiting, U. S. N. R. F., 
represented Liectenant A. Bledsoe, Inspector of Naval Air- 
craft, U. S. N. 

Mr. R. B. Bcisel of the Bureau of Construction and Repair 
was present at the first two testa. The tests were made on tbe 
following dates: 

I. Flying CondiWon— July 10, 1019. 

II. Diving Condition — Jnly 10, 1919. 

III. Landing Condition — Jidy II, 1919. 


if sand bags and distributed o 


water, etc. Tbe load was carried by tba engine seetion tcu»' 
sing. The structure was loaded as follows ; 

A factor of safety of twelve for load representing tbii 
wings, wtog floats, etc. A factor of safety of ton for load 
representing tbe engine, oil, tanks, radiator and water, etc. 
A factor of safety of ten for loading representing one quarter 
the weight of the upper wings, motor, eto., acting in a hor- 
izontal direction and assnined as a thrust. 


I. 3. a factor of safety of ten 
this poin' '■ . 

il load at 


Teat No. f. Flying Condition :- — Hull w*as suspended from 
staging by means of the inner lift cables, and siiualated flight 
condition to be at low speed with the center of pressure at 28 
per cent aft of tbe leading edge of the mean wing chord. Tbe 
unit loads were oompris^ of the weights of tbe following 
parts: Bare hull, fuel, pilot, passenger, control^ instruments, 
etc. A tail toad was nWd to balam-e the machine and intro- 
duce a tension in tbe lift wires corresponding to the center of 
V location specified. The loads were applied by means 


11 simulating as nearly 


le hull aft 
■r with a load of 20 jiounds 


Teat No. 2, Diving Condition : 
of the step was loaded as a cantile 
per square foot on the tail snrfi 
nsed as in Test No. 1. The hnll was kept in balance with center 
of pressure at 28 per cent of chord by loading the fore part 
of bull. The bull successfully carried a load of 20 pounds per 
square foot, on tbe tail surfsies, acting aa a cantilever. 

Teat No. 3, Landing Condition The hull was supported on 
a CDshioned landing trnek, the size of the truck simulating the 
position tbe hull takes at the beginning of a step landing. 
The engine seetion was included in tbe set up. The load im- 
posed included all (he weights not contained in the bull and 
tail, i. e. wings, wing floats, engine, oil, tanks, radiator and 


Id test No. 

all parts. A . _ 

the horizontal load and tbe en^e' loads. Tbe loading, bow' 
added to tbe ei^ne section panel until a factor of 
IS obtained witbont sign of failure. 

Constrvetian of HnU 

The detmled construction of tbe Aeroinaiine Model 40 Fly- 
ing Boat bnU shows no radical departure from the enrrmit 
practice. 

The hull consists of built-up transverse frames of spruce 
sawed to shape with tbe bottom ribs extending past tbe side 
ribs, the ends of which are held to tbe side ribs by one-hatf 
inch to three-quarter inch struts. This extension forms tlie 
fins on tbe forward part of the boat. All frame joints a:m 
joined with gloe and held in place by 2 plywood gussets <<n 
each ride of a frame at each comer, riveted with copper rivets 
and bnrrs. The longitudinal frame consists of s^ ebints 
rabitted to receivs tbe planking, spruce deck clamps of Uia 
same type, aab or oak forward keel and keelson, spruce after 
keelson with two anxiliary keelsons or strin^rs equally 
separated. The chines and deck clamps overlap at tile stiip 
station and are well riveted to take tbe stress at ibis poitit. 
The sides and top are planked with three ply bircb and poplar 
veneer, fastened with braas screws. Tbe bottom is pta^jd 
with twoskina,bniltnp of Port Oxford cedarwith an inner layer 
of cotton fabric with marine glne ,and quilted with btfnrieated 
brass rivets. Tbe landing strains are taken by two bea'ty 
spmee thrust braeee leading from the forward wing beam to 
tbe bottom of tbe bnll stractore. 

Tbe bull has four water tight bnlkheads with drain plup 
resdUy acceaeibla and one strengtiwming bulkhead. The cock- 
pit provides for two people and the control bridge, insteununt 
board, Fyi^^ foot bare and Porta Phone are locmted in tliis 
section. The seals are built into tbe hnll and large comforta- 
ble cushions are fastened to the seats. Two Sinumms Type No. 
1 safety belts are provided for the pilots. Tbe main gastriins 
tank is located just aft of the bnlkhead at tbe forward wing 


safety of twelve 



U6 


Flying Cosomos Test 
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All the loads due to these reactions are taken by the upper 
emrine section panel with the exception of that taken by the 
inner lower section of spar, or 25.S/466 == 6-55 per eent. 

6.55 per cent of the weight of the wings is to be applied 


sidewalk. 


601 lb. equals -- , 

601 X 6.65 = 33.6 lb. applied 
Therefore, the load to be applied 
tion panel is equal to 100 — 

6.35 = 94.46 per cent. 

91.45 per cent X 604 = 

670 5 lb. equal to the load, to 
be applied to the engine sec- 
tion panels, due to wings. To 
this is added the weight of 


■ight of wings, ineluding wing lip floats- 

— ' idewalks. 

the upper engine 



The loading was applied in nniU of a single landing loail 
ind continned until a factor of safety of ten was obtained, 
tt this point difficulty was experienced in applying further 
osds to the engine section. However, the loading was con- 
vined on the engine section panel until a factor of twelve was 
obtjuned. The faetois of safety represented by the amount of 

- follows : 

Engine Section Panel — 
Factor of Safety .... ISh 
Engine Bearers — Factor 

of Safety 1<>, 

Horisontal tioad — Fac- 
tor of Safely 16. 






120 


AVIATION 


September 15, 1020 


lOAlXNG 

Power loading 

Wing loading 

DlMESaiOKS 


19.44 lb. per. hp. 
S.40 lb. per eq. ft. 


0aefnl Load 

Pncl Weight 

Range at Full Speed 

pESrOUlANCES 


Upper Wing 

Lower Wing 

Wing Chord, Both Plan 
Oap Between Wings - . 

Overall I,ength 

Overall Height ...... 

Stagger 

Wing Arena: 

Lower 

Total with Ailerons . . 


36 ft. 

36 ft. 

58 in. 

68 in. 

23 ft. 4 in. 

8 ft. 8 in. 
10 in. 

163 aq. ft. 
166 sq. ft 
324 sq. ft. 


The performance below is given from the nctnal 
the ground level of tbe starting point being 1400 f< 

Mnxiinnm Speed 

Minimiun and Landing Speed 

Climb to 4000 ft (pilot, two passengers and fnll 

tanka) 

Climb to 3000 ft (Pilot alone) 

Climb to 8000 ft (Pilot alone) 

Climb to 10.000 ft. (Pilot alone) 

Climb to 15,000 ft (Pilot alone) 

Ceiling 


test flights, 



iV.ooo'ft. 



Tui Aoovi iLtueraATioKS Show Some or the Ikstaixation of the New AEBUDYHaMic Lasoeatobt at Saint-Cvr, Pbancb 


Pig. 1 shows the aerodynamic balanre, which is located in 
tbe interior of tbe great wind ttuinel abuwn in Fig. 3. 

Fig. 2 is an illnstration of the chariot which is used for fnll 
scale testing of aerofoils and airplanes. The recording instru. 

Pig. 3 affords s general view of tbe large wind tnnnel, with 


its auction turbine visible at the extreme right A amnller wind 
tunnel, not shown here, directs the entering air into the lattice- 
worh end of the lar^ tnnnel and gives it an initial veloeitT. 
The object of the lolficework is to smooth oat the air stream. 

Fig. 4 aho«-» a special chariot for propeller testing. Tbe 
roistering instrntnents are carried in tbs body of tbe ^arkit 


Safety in Flight 


Comparatively brief though the period of post-war civil 

aviation has been, it has taught many valuable lessons, and haa ,u oLuna uiaiunvivu^ varv m uauy at-umuon; arm launre oi 
sofiii’cd to demonstrate that, as far as safety is concerned, structure in which roughly half were due to defective matawal 
flying may be placed on an equal footing vrith any method of bac as 1 propose to toneb on this subject at a later stage I will 
tran^iiort involving bigfa speed. The statistics pnblished at not elaborate these points at the moment. 

tbe close of the first mx months of civil flying are confirmation The atndy of the question of acaidrats reveals the fact that 
of all that may he said in this respect. ^Examination of the the percentage of accidents per faonr flown ia far greater in 


figure* involved reveals tlie fact that 60,700 passengers were Service 

eairied in 32,500 flights, covering npproxbntely 430,000 miles, obvious when it ia considered that civil conditions only 

during which a total of 13 accidents occurred eansiug injury necessitate straight flying at a normal altitude of about " " — 

to 10 passengers. Thus the percentage of passengers injured ft., gcneially in more or less favorable weather, with a re 

to those curried worita out at .017, or in other words, out of ably good taking-off and landing groiud provid^ and ’ ... 

evert' 6,760 carried only one was injured — a result which the aircraft'osed is a well proved machine, eminently suited 

Burciy establishes the fact that flying, far *%.. .c — : >- — =• •- • -* — * 

perilous adventure it was formeriy supposed 
■nd reliable method of transport. 

How to Maijitoin So/ety 

The eiuestion naturally follows— why is it safe to fly, and salvage 


how can that safety I 


part of t1 


,ieny e 


fitributed t 


intainedf In 
ecessary to co 
ward s 


g the first 


offer too slender a basis numerically to nllotv of a defin 
ory being furnied on those alone, but a careful analysi 
the ai'cidcnU, both service and civil, recorded during t 
year, cliuws that a taige majority of thi 
of judgmt ■ '■ • .... 




the port of 

be traced to tack of experience, in olbera 
gence in aerial acrobatics. It is here that 
factor, the liunisn element, has to be taken into consideration. 
Althiingb this fnetor cannot be calculated in terms of tnathc- 
matlcs. we have at least the i>owcr of selecting our personnel, 
and I believe that to-day pTacricnlly all our Transport Com- 
panie* ore in the bapjty jiosition of being able to command 
for all llicir undertakings the services of highly-skilled pi 
who were trained in the Service. There is a ' ' 

ihich to choose, consequently 


risk of ai 


•• of those accidents 


itate straight flying at a normal attitude of about 3,000 
. . „ neiwlly in more or less favorable weather, with a reason- 
rord^ out of ably good taking-off and landing ground provid^ and where 

purpose, inasmueh as it is in no way a 
selected for qualities of stability and reliability proved 
t performance. Moreover, the majority of machines 
for passenger eanying at the present time were con- 
structed under war contracts, and whether nnrchaecd from 
ipleted subsequently, were manufactured to 
iee speeifleations — specifications which were undoubtedly 
rigid, and necessarily so, to meet the severe' tests imposed by 
war flying and therefore of a nature to satisfactorily fulfill the 
comparatively less exacting rcqnirrmenta of civil use. 

In the foregoing remnrito I have endeavored to indicate tbe 
main factors to which civilian flying owes its (tresent safety, 
and now pass on to the question of bow tiiat safety can be 
maintained in the future. 

As an essential point the aircraft employed most be safe, 
and such safety Ls governed by four chief factors, namely, 
design, materials, construction and operation. 

Foclor, of Sofay 

Design may be divided into two categories — the aerodynam- 
ical reqnirerpenis and the stress disgram. 

I'onaidcrcd nnder two headings. On the one hand, the man 

number of who deals with the purely e.xprrimcntal side, and on the other 
' ' who adapts and correlates knowledge 


n the hands • 


might gained 


alike his Service brother, is not undergoii^ a tuition 
which aims at making him an aerial acrobat; he is past tliat 
stage and is now an expert, with a practical experience which 

For these reasons it may be accepted that flying is safe as 
far lut the (>ilot is concerned, and it should he recognised that 
these conditions must be maintained. A novice must not be 
allowed to pilot a passenger machine; he must be trained — and 
well trained— before being entrusted with such imirortanf 






others have been directly di 


itioiis against which nothing can be done, 
have no control over the vagaries of the winuier wi 
meteoi-nlogicnl organisation wliich is in a position 
timeh' warning of wliat may be expected in that d 
especially in retard to air currents, 


requireraenU. It is the 

. , problems up to the desgner, giving bis 

requirements in the way of speed, load, air duration, fuel 
capacity, etc., and it is up to the works designer, if I may so 
term him, to solve the problem not only of fulfillii^ these re- 
quirements, but fulfilling them with the maximum effioieney 
and minimum cost. To attain this end be is not required to 
solve problems of the air by his own experiment, as he has 
access to aerodynaniical data, but he must be extremely well 
versed in and possess a wide knowledge of materials, stresses, 
and composite strnclares. in relation to their use in the air. 
To this knowlcilge, backed by reference when necessary to tlio 
existing mass of information available, he adds the product 
of his own hrain, and, by means of stress diagrams, evolves 
a design. It is at this point tliat safety is first to bo consid- 
oppos^ by con-, ered, for upon the work put in by him on the drawing board 
for altliougfa we and in bis specifications depends safety in fligiP 


> pve 


vital to the aviator. Forearmod with such infc 
»ope and value of which steadily increases with 
ireli and improved methods of communication, 
ilie use ' of tbe exerllent instruments with which un 
.'ni airplane is equipped, it is reasonable to assume that tht 
Ikt of ueeidenis due to weather condition 
' <s]iecially as this source of accident may to a certain 
at be eliminated at the discretion of the user. Regarding 
the chief are compass, air si>eed indicateu 


i, though I am in no way authorized to make 
1 belinlf of the Air Ministey, it is at this stage 
igs that the Government should be placed in 
five an opinion as to the suitability of the 
transport. • • • ' 


. — .[ndy of the detugner’s dr 

ings and specifications 'would be sufficient to allow of a “lype" 

oouplrf certifleate being promised, ruhject to the machine being bt^t 
' ■ in conformity with sneh drawfings, and when tested by flight, 

demonstrating that it has satisfactorily fulfilled the oser^a 
ill decrease, conditions. The high standard attained by " ‘ 


inod, t 


o do so then 


which assist the pilot 
rcident due to ' ' 

I invisible owi 


o find his way and reduce the cheap matei 


mmoTcial eupnditv influence the designer to the extent of 
crifleing safety in bis designs for the sake of embodying 


industry n 
.‘ndeney to tec 
the extent of 


of direction and altitude w 
to weather cunditions. 
the chief have been engine failures. 


Reg^ing materiali 


in general, the necessity for the designer 
ight to the last ounce has forced the 
. seaieh for and employ materials with 
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ontetanding ability to withstand sUei i e e it which, in proportion 
to wught, ore mneb greater than those found in any other 
type of vehielc or machine. The dceigner has perforce bad 
to employ factors of safety which allow no preeantions to be 
omitted to cnsnre that even with the selected materials only 
the very hipest and most nniform qualities are employed. 
To achim-e this end. aystematic testing and vigilant inspection 
have proved to be necessary, not only for metallic materials, 
snrh as alloy steels and alununum alloys, bat for other non- 
metallie materials, such as timber, glne, fabric, dope, etc. 

So far as steels snd non-ferrons metsis are eoncemcd, the 
existing methods of chemical examination and mechanical 
‘ althon^ open to improvement, were, nevertheless, 


ineetion v 


rnt-day designer and 
n all points of view. 
I>ose hrieflv to detail 
iita which have taken 
■ and use of the more 




Probably no steels sre required to withstand more extraord- 

be^ir'to 


'bly t . 

inditions of service than valve stoela The steel i 

exposore to high temperatnre witbont exees* 
without distorting, witbont deteriorating 


fine cngin»ring woih 
e material the demands 


n-metallie 

^ kpened op . . 

on a variety of materials on which little or no definite 
mation was available, For example, take timber, a material 
of the highest importnnee in aireraft construction. Here is 
a material wimse prodnrtlon is not guided by any process oon- 
trollable by man, and like most organic things, it is apt to 
snffer from many defects and diseasea. some of them so ob- 
scure that their detection requires all the resources at our 
eommand- Hitherto the general engineer in his use of timber 
has always employed factors of safety so large that quality 
and uniformity were mattera of seeondary importance, but 
in the ease of aircraft we were confronted with the task of 
V tests and drafting new specifications for timber 

lieh would ensure the stren^h/weight ratios which the de- 
ugner required. 

Similarly much work had to he done on fahric. glue, rabiter, 
etc., before w-e were in a position to specify and emsure the 
qualities essential for the purpose. The qualities and chnr- 

acferiatini of the materiala ineinded in ’ - - 

braced by the requirements of the pre» 
constructor, are of such importance froi 
and espeeially that of safety, that I pro 

place in eonnectiou with the manufacture 
important. At the head of these I think 
alloys of sted. 

Alloy SteoU 

The term "alloy steel” embraces all that 
steels whieh owe their specially valuable propertie 
preseune of elements other than esrbon. It can fairly be sai<l 
that much of the progress recorded in the development and 
construction of aircraH. and particularly the engine, has been 
brought about by the use of the alloy steels for parts which 
are subjected to heavy str en e ca or high teJniieratures. Crank- 
shafts, eoonerting re>^ canahafts, connecting rod studs snd 
bolts, valves and valve springs, must all do duty under con- 
ditions which render the use of the plain carbon steels inad- 
missible on account of either weight or temj>eratare consider- 

Alloy steels can now he specified with 


. . _ _ f laid down. 

user of the steel is therefore ossnre^ of obtaining the proper 
quality if ordered to the appropriate s|>ecifi(^ions. For 
example, an alloy steel is required whieh will ^ve a tensile 
stren^h of from 55 to 65 tons per square inch. The specifi- 
cation preseribes the following composition: — Carbon, 0.28 
to 0.34 per cent. Manganese, 0.45 to 0.70 per cent. Nickel, 

3.00 to 3.76 per cent. Chromium. 0.5 to 1.00 per cent- Sul- 
phur and phosphorus, not more than 0.05 ]>er cent each. 

The eonaideration of mnehining and wearing proi>erties 
constitutes an important factor in the choice of a steel, ]inr- 
ticularly as regards anal\'siK. Ex|>erienee has slmwn that an 
alloy steel is a material whieh needs scientifto handling from 
the time of its making until the completion of the finished bp.'<jine gene 

article. In all eases an exact knowledge of the particular weight in tlie 
heat-treatment necessary is of sapreme imjmrtanee if the ,i|„ u-nlU n 

highest qualities of the steels are to be secured, and a full 
knowledge of the chemical itomiKiaiti 

" d. Adequate i, 

(tensile. 


appreciably in strength, and without snrfa< 
stem, which would cause nndne friction in the goides. The 
exiuuist valve conditions are the more severe, to meet which 
the aeronautical engineer has made use of “high-speed” tool 
steels and “stainfeas” steel. 

The former steel is used for exhaust valves in the hottest 
running engines; it is a tungsten steel having a carbon con- 
tent of 0.65 to 0.70 i>er cent with tungsten over 14 per cent 
and chroniinm over 3.6 per cent, Valves made from this 
steel will work successfully gven above 800 d^. C., >. e., a 
bright red licat. For moderately liot engines of the water- 
cooled type, the "stainless” steel, having a carbon content of 
iietween 0,40 and 0.70 per cent and a chromium content 
between 8 and 12 per cent., is sueeessfully employed. Valves 
in this steel will withstand a running temperature up to 750 
deg. C„ i. e., a full red heat. For inlet valves a 3 per cent 
nickel steel hss proved eminently satisfactory. 

As regards liglit alloys, the continuons development of the 
alloys of nluniiimm has had a ;tierked effect on the progress 
of tile airplane ami aero-cngiiic. Much time and Uionght liave 
been given and much jiaticnt lalxir expended in the foundries 
in the sffort to overcome the iiiaiiy difficulties connected with 
casting of these liglit b1Io.\-s. 

It is eoniparatively easy for tlie designer to produce a 
drawing of a ersnk ease, a cylinder, or a piston, whieh will be 
much lighter than the eoircsponding article made in iron or 
steel, snd which will lie strong enough and stiff enough for 
the duty it lias to perform in tlie engine, but it is by no means 
easy to ensure that tlie article can lie successfully cast. The 
designer has to co-operate with the founder cs]jecially with 
regard to thickness' of the walls of the casting to enable the 
use of the eompnrstively low temperatures wliich are necessary 
to soundness; and the design must be such that the metal flows 
into the mold always imsliing the air before it, and thus 
avoiding air locks. In the foundry itsrif wo have leaninl that 
with these li^t alloys it is essential to maintain scrnpulons 
cleanliness in the sand, the boxes, the mtJting pots, and in tbs 
metal itself. Great attention most he paid to the melting — 
tlie rate of heating must not be too rapid; the temperature 
must be checked by pyrometer; a temperature of 700 deg. C. 
in the |>ots mnst not as a rule be exceeded, and care must be 
exereisi^ to obtain a 'uniform temperature throughout the 
mass of molten metal before it is poured. 

In the molds, cores must be fragile enougli to crush as the 
metal contracts and so avoid strains in the castings. Often 
it is necessary to use metal chills to regulate the rate of cool- 
ing of the various parts of the easting and so relievo internal 

As to the mclal employed, it is not advisable to employ 
scrap if imitiirmly strong eastings are required, and in air- 
craft work virgin metal most Iw insisted upon for all im- 
]H>rtant eastings. 

The light alloys liave been aiieClally applied to pistons, 
crank cases, and evlinders of airernft engines. The advantage 
of uaing a piston or cylinder of aluminum alloy arises out of 
the higher heat eonduetivity, which is three times that of east 
iron. In Che case of the piston the compression ratio of the 
engine can in consequence be increased, at once raising tto 
efficiency of the engine. Although a higher compression ratio 
means a higher exiilosion tempeinture. the heat in excess of 
that whieh will allow of reeiproeily without seizing, is con- 
ducted away more rapidly through the thieker walls of the 
piston, and the piston BOliiall.v runs cooler than does a east 
iron piston. There is little difference in the weight of the two 
— -f aluniinnm alloys for cylinders has r"* 


AU-WtIal Conilnielion 
? doubt that the future 
olve the ineulsion < 


war, though not by us. Metal has several advantages over 
wood. First of ail, there U the greater certainty of quality. 
The process of steel manufacture can be controlled all the 
way through, and defects, at any rate in the ease of thin sec- 
tkms, cannot remain unnoticed. Timber, on the other hand, 
is a natural product; it must be used in lar^ sections and de- 
fects are difficult to discover; furthermore, it is affected by 
atmospheric conditions. 

The present-day all-metal machines are primarily built up 
of thin, cold rolled sheet steel of thicknesses from 0.016 in. 
to 0.022 in. This steel may be plain carbon or alloyed with 
nickel and chrominm. The carimn steel requires to be tem- 
pered at about 400 d<^. C. after cold rolling, and then 
possesses a tensile strength of from 65 — 70 tons per sq. in. 
The alloy steel strip can be obtained in a condition suitable 
for punching, bending and welding, with an ultimate strength 
of over 100 tons per sq. in. It is maufaetured by the process 
of cold-rolling, annealing between each pass, and Anally 
hardening and tempering. A eareful control of heat-treatment 
and Avoidance of undue cold work is essential to ensure safety. 

PuraUimin is also available for metal airplane construction, 
and this material promises to resist corrosion better than steel ; 
it must, however, l>e very carefully heat treated or its strength 
will be greatly impaired- It lias only a maximum strength of 
about 26 tons per sep in.. Iiut on the other hand, it has only 
one-third the specific weight of steel. 

After manufacture, the shci't nieUl, whether steel or dura- 
lumin. is built up into s]inrs and stmts, stiflness being obtained 
by loiigitndinal coimgations. A great advantage of metal 
eonstnietion in spars or struts is that practically all the metal 
ia the section can be so disposed as to take its full share of the 
load. In a w'uoden spar this is not possible. As to weight, 
metal sjiars in steel can now be made as light as 0.5 lb. per 
foot run as again-st 0.65 Ih. to 0.86 Ib. per foot mn for wooden 
spare of equal strength. In the case of struts for the largest 
toaehines of to-day. wooden struts are often 50 per cent 
heavier tlian metal stmts of greater stiflness and strength. 

The chief difficulty with metal constmctional work is 
corrosion snd it can scarely be said as yet that the problem is 
solved. Such being the case, timber still holds its position of 
importance in the aircraft world, 

U^cod Conatruction 

In the choice of timber for nse in aireraft. one would at 
first imagine that out of the plethora of timber in the forests 
of the world, unlimited supplies of any given qualit.v of 
material would l>e available. 

This, however, is not the case. To meet the insistent de- 
mands of designers it is probably no exaggeration to say that 
literally Imndreds of types of timtHT have been eriticaily 
examined and ultimately discarded as unsuitable for aircraft 
manufacture. The result of this long process of elimination 
is timt only those woods having exceptional qualities of 
stiffness, strength, and uiiifoimity of growth are now used 
for this imjmrtent pur|H>se. 

Out of the mass, of timber available, it soon became clear 
that for anything like economical bulk production only the 
pine-like cone-bearing trees could be considered. Of these 
coniferous woods the Ala.skan or Sitka (or silver) spmee of 
North America was found to be the best, and upward of 90 
per cent of the timber osed during the war in the constmetion 
of aircraft was of this variety. The trees that supply this 
tinihpr grow over a limited area only of the Pacific Coast 
Watershed of the British Columbia region. 

Iii the same way that silver spmee proved itself to be the 
timlwr par excellence for the nuiin membere of the wing stmo- 
tnre, English ash has shown itself to lie witbont parallel for 
nse in fuselage-longerons, engine bearers, wing-tips, etc., 
while walnut and mahogany are equally unrivalled for use in 

In dealing with these hard wood timbers, great difficulties 
were encountered during the war. While from the outset 
spmee could he obtained in a reasonably dry condition, 
supplies of dry Englisli ash were non-c-vistent; and dry ma- 
bogiiny and walnut could only be obtained in wholly inade- 
quate quantities. 

This sitxiation led to the erection of seasoning kilns in alt 
parts of the country for artificially drying these timbers, and 
a scale far beyond anything ever attempted before. Thus. 

*!.» QIA - . .... 


of material were dried under the supervimon of Gove 

inspectors in special drying kilns erected for coping with this 
branch of work. (The exact amounts were English 
2,100,000 ft.; mahogany, 2,700,000 ft; walnut, 3,700,000 ft). 

So successful was this work that it is not too much to sav 
that the kiln-dried timber was fully equal, if n. . . 
the beet naturally seasoned timber. Many busine 
this country are now continuing the nse of these kilns and 
employing the methods introduted by war conditions. Inci- 
dentally, a gratifying feature of the work was the appreeiatiou 
expressed dnring the war by the representatives of the Allied 
Governments, especially those from America, at the bi^ 
standard of efficiency of British kiln drving. 

Dnring the last few months of the war the A. I. D.* devel- 
oped a method of examining aircraft timber and timber 
workMnship by means of the X-rays. This method, which 
IS only in lU infancy, gives promise of being a valuable 
supplementary aid to existing methods of timber inspection. 

Book Review 

Aeroi-lane Desios. S. T. G. Andrews and S. F. Benson (454 

pp.) _E. P, Dutton & Co. 

'"'^'rtakes to cover the whole field of 
airplane demgn, there arc parts which are good and others not 
so go^. reflecting jierliaps the exiwrienee of the authors in 
each department of the subject. As a whole the writers have 
sncei^cd very well in producing a book which is well bal- 
anced, as judged by an engineer. The eliapter on stability i» 
appropriately compressed and e.xiilained for the above (th< 
engineer's) brand of iiiaUiematies. 

Much of the ae^ynamienl data is old, and while of valui- 
for the purpose of illustrating general principles, ia hardlv to 
be considered useful for the direct application of numerical 
value.^ In particular the aerofoils on which complete dati. 
are given are unidentified alfhongli the statement is mode tha-. 
they 'have proved themselves eflUcient in flight.” The data on 
scale and biplane corrections are verv meager. Of a later 
chapter on resistance of various parts the same criticisms mav 
be made concerning much of the data. 

The chapters devoted to structural design are good Tb* 
methods are sound and as refined as would be expected in li 
^k of this ^pe. Rattier more attention is given to tapercl 
^nits tliw will be found necessary in practice. The structural 
lahles and diagrams are well made. Loads experienced by the 
principal parts of the airplane are discuss^ for the more 
usual conditions of flight. This discussion is quite clear but 
cannot be said to follow the latest practice in r^ard to loa-l 

A short treatment of projieller design is included and ums 
a blade clement or aerofoil theoin- without consideration of in- 
flow. Stresses iu the blades are found in the more nsnnl 
elementary fashion. 

The chapter on the design of control surfaces ia a good tho- 
oretieal discussion ba.sed on wind tunnel tests. The empirical 
but more workable method of eoefficiciifs based on successful 
machines is not toueliod uisin. 

Methods of performance calenlalion and testing are treated 
in a clear concise manner. The general layout of the airplane 
is also well and tables of data on representative British mn- 
eliines form a valuable basis for the design. 


during the w 


r 8^ million superficial feet of this type 


Trade Review 

Die CastisQb.— D ocUler Die-Casting Co- Brooklyn, N. T. 

The Doehicr Die-Casting Company issues two bcantifnl 
booklets desi-ribing their bnuss and white metal eastings le- 
spwtivelj'- Tlie brass and bronze “Do Di” Castings are 
finished to tolerances of about 0.2 per cent, eliminsting meet 
machine work and defective castings. The physical proper- 
ties may be varied through a wide range. Tensile strengths up 
to 70,000 lbs., elongations up to forty per cent and hardniss 
from 40 to lOO Brinell, are available. ’ 

The second booklet, "Creatiug an Industry,” follows the 
history of the art of making eastings from ancient times ti 
the Dresent. The (ffiemieal a. ' ' ' ' 


B«psctl«n DepsrtnwM, 


A New High Performance Wing 


A novel form of airplane wing, which appears to jn a long 
way toward improving the economy of commercial mght, has 
just been inlrodaced in England nnder the name of Alula 
wing. The aerodynamic data and the ooUine of the new wing 
are given below. Although in its preeent form the wing marks 
a great improvement on the ordinary aerofoil for load carry- 
ing at moderate speeds, it does not, in the opinion of the 
inventors, represent the maximum attainable. 

The chief characteristics of the Alula wing are a straight 
trailing edge, a negative dihedral leading edge, a deep « ' 
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ill be Hern that, for the same land- 
be reduced to about three-fourths 


inly. 


called b. 


n'stiU h 

Bvorably 
miding l< 


be added )is as h 
Ihe orthodox wins 
I maximum L/D is 28.8, 0 
mm litt eoeflieient of the average wing, 
lakes for economy of flight, cKpecially 
I high load at moderate speeds. 


i as 22.0, which ooir 
md the lift coeffleien 
28.8, or as high a 


An interesting 
Alois wings is th' 
fuselage are both 
principle used in 
machine and elim 
etc., and will give 
portanec in relafic 


The "Pelict 
imple o 




Them 
shed costs altogether 


a eargo-carrying design usii 
■ eamtiever monoplane. The wings ai 
eonatrueled of mahogany planking on 1 
iiodem flying-host Imlls; this simplifles t 
nates the hulk tif the metal parts, fahr 
great durabilily, a feature of the flivt ii 
n to depreciation charges. 

in-folder, being designed to dispen.se wi 


PS-, further, a 30-m.p.h. head wind ii 


experiments have been made for some time by tbe technical 
staff of the Blackham Aeroplane and Motor Co., of l^eeds, 
in order to determine the agreement between model and full 
scale work. These trisls are still in progress, but it is stated 
that very satisfacloty resulla are being obtained. 


a pilot carried right forward and a 
mcehanie in charge of the engine-room aft. The engines are 
twin Napier Lions, snd the machine is designed to fly and 
climb even if one engine breaks down. Reliability of service 
is assured by this power to fly on one enpne and by the super- 
intendenee of the engines in flight, coupled with the fact that 
all work is normslly done at half-power. 

The demgn has been prepared on a most conservative bara 
in all reapeeta; for instance, an allowance of 7V4 P«r cent on 
all structure weight above the calculated figure has been m- 
eludod, and the factor of safety has b»n taken ; 
ealenlations, wher ~ 


carer the nltimate mark for cargo 


Trade Reviews 

illustmtiuns, prepared by Brow'n Brothers, Ltd., London, 
Eng.) 

While this catalogue of aircraft and aerodrome equipment 
ronstitutes a trade publication, it is surprisingly well got up 
and is extn'mely valuable. It includes excellent i>hotographs 
of a number of'well known British maciiines, photograpiis of 
the best known engines, and is in many respects a betfer book 
on the commercial aspects of neronauties than orthodox books 
on the subject. 

It gives CNBct dimensions in well arranged tables, specifics- 
lioi» and prices for such parte ns nute, eye bolts, studs, 
thimbles, locking wires, standard wire ferrules, washers, pins, 
gasoline filters, plugs, gasoline eonneotinns of various types, 
gasoline tank connections, relief valves, drain cocks, standard 
screws of all kinds, rivets, control pulleys, tnmbuckle^ atreani- 

other metal parts. 

Air<^raft inatruiiiente cif m-cry kind are included. The 
Bmit Dynamo Lighting Equipment as used on the R-.14 is 
alsr> described. Sundries of every dcscri|>tion are listed from 
upholstery materials to sjiark pings. Aerodrome aeeesaories 
are listed sneli as the Imperial Night Landing Lights, gaso- 

The catalogue should lie of real value to anyone engaged in 
Ihe industry whether in eonstruetinn or transportation. 
-iKfKi.Bv's Marine Gut:. L. W. b’erdinand & Co., Boston. 
Ma.«a. 

This booklet describes a wide line of wateiproof glues, 

larly for bulls snd pontoons. Directions for use in obtaining 
the best results are ^ven in some detail. Quantities re<|uired 
fur various purt>oses arc listed, os well os prices. 

EerrcTs or Nati-re -jr Coous'o Surface on RAniAToa Per- 
formance. Svnopsis of Report No. 87 National Advisorc 
Committee for Aeronautics. 

This report discusses the effects of roughness, smoothness, 
and cleanness of cooling surfaces on the performance of aero- 
nautic radiators, ns shown by experimental work, with differ- 
ent conditions of surface on (1) heat transfer from a single 
brass tube and from a radiator, (2) pressure drop in an air 
stream in a single brass tube and in a radiator, (3) bead re- 
sistance of a radiator, and (4) flow of air through a radiator. 
It is shown that while smooth surfaces are better than rough, 
the snrfaccs usually foand in commereial radiators do not 
differ enough to show marked effect on performance^ provided 
the eurfaees are kept clean. 


Properties of Special Types of Radiators 

By S. R. Parsons 


In respect to the relation of power sbeorbed to power dis- 
sipated, flat plate radiators have been found to be markedly 
superior to other types commonly employed, for use in unolN 
itracted positions on sirplanes flying at the higher speeds. 

For such use, a pitch of % in. (1.27 cm.) between plates 
gives a higher figure of merit &an the closer spacings. 

The depth of such a radiator should be considerably greater 
tfaau of the honeycomb types, and the most efficient depth is 
greater with the higher speeds. For a rhffintor of ^ in. pitch 
to be used at a speed of 120 mi.p.h. (63.6 m.p.s.), the most 
efficient depth appears to be about 13 in. (33 cm.). A small 
increase above this depth has bnt a slight effect, however, on 
tbe figure of merit, and if it is desirable to reduce the frontal 
area of the radiator to a minimum, tbe depth may be increased 
to 20 in. (SI cm.) or more without serious reduction of effi- 

Equations and plots are given, by means of which the 
properties of flat plate radiators may be obtained for various 
depths snd spacings. 

The pistes should be continnons from front to rear of the 
radiator, in order to avoid excessive head resistance caused by 
eddies in the air stream. 

For the study of heat dissipation, three radiators were used, 
each 0% in. deep and with plates 1.16 in. thick, spaced %, 
and ^ in. respectively, center to center. 

For the study of mass flow of air through tbe core and of 
head resistance, a set of 22 dummy radiatora were constructed, 
using depths of 2, 4, 8, and 12 in., spacing of %, 
and 1 in., and thicknesses of 1-16 and (4 ‘w. T&e plates were 
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made by eovering cardboard of the proper thicknera with thin 
sheet copper, and were used again and again. They were 12 
iiL long and with the exception of the (4 in. spacing, enough 
were nsed to meke a radiator 12 in. wide, so teat the frontal 
area was 1 sq. ft. Since the copper was thin it was not possi- 
ble to obtain as smooth a surface as might have been desired, 
bnt the condition was fairly representative of what would be 
found in commercially mannfartured radiators. 

Extrapolations for depths of radiators not covered by the 
laboratory tests were made with the use of three empirical 
equations, given below. All quantities are based on one square 
foot frontal area of the radiator and on air density of 0.0760 
lb./cu. ft. 

• BepoTt M«. SS, HMIOBal Advlaoir OwnoaOM fi>r AcToncaUea. 


il = 0.110 ^ (V)l 1- 

p V 

« of ra<IiBt 


V ^ free air speed, i 
i = thickness of plates, in inches; 

X = depth of radiator, in inches; and 
e rw base of natural li^rithms. 

Heat dissipation is given by the eqnatii 


g= 34.8 iff I 


where Q = heat dissi 





tows 


s fol- 


Ve-in. pitch; A = 0.24; Bsa 00.0616; 

^in. pitch; A = 0.11; .B w= 0.0283; 

V^-in. pitch : A = 0.23 ; B 0.0258. 

It WM assumed that the head resistance might be regarded as 
made up of two parte ; < 1 ) that due to the impact of air on tee 
edges of the platW, including suction on the rear; and (2) that 
due to skin friction of tee air jiasmng over the plat^ The 
results were very well represented bv the equation 

B = n F* (0.00016 t -h 0.0000026 ») (3) 

where B as; bead resiatance in pounds per square foot frontal 
area; and » = number of plates per foot width of core. 

The values given by this equation are a little low when a 
equals 48; i-e., with 'A-in. pitch, but for spadngs greater tlian 
in., the resistance per plate was found to be constant for a 
pven speed and air density. 
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The -weifHits of the ndiatois and the water contained in them 
were estimated from geometrical considerationa and the den* 
aities of copper and colder, assuming the Lepers type of eon- 
atmetion. The weight is given bv the eqnation 

W — 0.0567 K X (4) 

where W =weight of core and contained water, in pounds per 


A lift-drift ratio of 5.4 was assumed for the airplane, 
the horsepower abaorbed < per aquare foot ) ia 
It' V 

W. P. = JJ H 

5.4 375 


(5) 


Figure of merit 
power absorbed. 


ia the ratio of the power dissipated 


F. M. 


The following example illtiittretes the nae of the equations. 
Let it be required to obtain the Dgure of merit of a radiator 
^vith plates 1-16 in. thick, ^ in. pitch, 16 in. deep, and at 120 


In equation (1) fc 

,P- 

ar — 0.110 / - 


Vv) 

• 0.5—0.0625 / , 4-W— \ 

J (1201 (l~rr‘® ®" V 15“ ) 

\ 0.6 V / 


p = pilch = 0.5 
I » thicknees 1-16 = 0.0625 
X K depth = 16 


In equation (2) for energy diaaipated, 


1.9 M ^ 1 — c j(* ^ 


A = 34.8.(10.33) 


«o=24 - ^ 

( 0.00016 \ 
h 0.0000026 (16) J 




B = 24 (120)' (0.00001 + 0.00004) 

R = 17.27 1b. per sq. ft. 

From equation (4), 

•W = 0.0557 (18) (24) = 21.4 lb. per sq. ft. 
From equation (5), 




IT. P. 

From equat 
F. Jf. = 




sK 6,80 H. P. per aq. ft. 


Detcripiion ol Curvei 

Plot 1 shows figure of merit computed with the aid of the 
above equations for various depths and for speeds of 60, 00, 
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fni in the case of the type F^4 (with spiral fins) ; for the air 
flow was too small to be raeasnred wi& the instniment nacl 
on the other radiatoia. 

In general, it may be stated that fin and tnbe radiators are 
unsnitable for airplane use, %rith the possible exception of a 
type similar to F*^, placed in the wing, where the mass flow 
of air must be very small (even less than for the nose posi- 
tion), and consequently head resistance is not necessarily a 
detriment. 

Properties of IPHistUttg Rad/alorM 

The construction of some types of radiatore is sneh that at 
ir speeds they produce a whistling sound. These s< 


‘whistling radisi 


pom 


■e characterized by the following 


(1) Unusnal conditions of air flow, resulting in irregulai'- 
ities in the relations between different properties. For example, 
.mass flow of air throngh the radiator is not proportional to 

free air speed as in ordinary radiators, and head resistance 
is not proportional to the square of free mr speed. 

(2) High heat transfer for a given moss fUne of air through 

(3) Very low flow of air through the radiator for a given 
free air speed. 

(4) In many caees, low heat transfer for a given free air 
speed. 

(6) Very high bead resistance and horsepower absoi 


(6) Low figure ol 


b flat plai 


The properties of “fin and tube” types of cooling radiators 
are distinctly different from those of the better cellular types 
and warrant special mention. 

In general, the fin and tnbe types are ebarsetenzed by high 
head resistance and by low heat transfer at high speeds. The 
low lieat trsnsfer is accounted for by the sr^l flow of air 
through the radiator and by the large amount of indirect cool- 
ing surface. For radiators as ordinarily made with depths of 
S in. or less, head resistance has been shown to he dne prin- 
cipally to the impact of the air on the front faoe and snetion 
on the rear, and only to a small degree to skin friction on the 
walls of the air passages. With the 
the effeeta of impact and euction ar 
separate water tnbe is snbjected to impact 
snetion on the other, with the resnlt tbst the total (projected) 
area subjected to impact and suction — on all tubes — is much 
greater than that necessitated in a radiator of the same mse 
but of cellular eonstructioiL To the effect of this impact snd 
snetion most be added the effect of akin friction on the fins. 

Excessive head retistance, aeeompanied by low heat transfer, 
make the fin and tnbe types unsnitable for use on an airplane 

whore they would be exposed to a ei ‘ "* ■* 

The more compact types, howeve 
leige water tubes with crimped s.. . 
esoli other — show a relatively high rate of heat transfer at very 
low speeds, which justifies their extensive use on tracks and 
lower speed automobiles. Indeed the type F-4 would doubtless 
dissipate a eonriderable amount of beat with convection cm- 

The accompanying curves show the beat transfer (energy 
dissipated) for five types of core, in terms of the mass of air 
flo^ving through the core. The heat transfer is expressed in 
horsepower per square foot of frontal area, for a difference 
of 100 d^. Fahr. between the mean temperature of the water 
and the temperature of the entering air. Mass flow of air is 
ezrireesed in pounds per second per squats foot of frontal 
area. Energy dissipated is also shown in terms of free air 
speed; that is, the speed of the machine on which the radiator 
is mounted. Plot 3 shows also the fignre of merit of the 
radiator, which U the ratio of the boreepowe ' 


will b _ 

Certain types of cooling radiators that whistle in an i 
stream show peculiar properties, and while radiators of tl 
constmetion are not recommended, they are being used to soi 
extent, and appear to be worthy of sp( ‘ ’ 

Types of Core Test 


fall 


The whistling radiators tested at the Bnreat 
" ' to two general classes; 

. . Plain water tnbes, and 
(2) Perforated water tubes. 

The photographs show the forms of construction. In es>fli 
ise the radiator is made up of separate water tnbes about 2 
deep (in the direction of air flow), arranged in rows. In 
" plain tube type has fins spaced 2 in. apart. 
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Tb« teat eeetions inelnded one of tbe pUin tube tjrpe, i 
sifniated u B-9, and fire perforated tube types, made np 
different depths, and with different apscii^ between rows 
tnbea. These aeetiona are deaiKoated as follows: 

E-1, e-16-in. pitch, 2 tnbes deep. 

B-2, 6-ia-in. pitch, 3 tnbes deep. 

E-3, 6-lS-in. pitch. 4 tubes deep. 


in.^iteh, 4 h 


acroM tbe radiator; that is, perpendicular to the direcHon of 
the air streani. In tbe plain tabs type these air passages occur 
between the water tnbaa, and in tbe perforated tnbe types not 
only between the tubes but at each perforation. All throngli 
the radiator there are short columns of air, across the ends of 
whieh air is blowing, with the result that ribrations are set np 
in the abort columns and perpendicular to tbe air stream. The 
resulting whistle will of course vary widely in intensity and 
in pitch as the speed of the air stream varies, and eonditiona 
of resonance have very marked effects, not only npon the 
sounds, but upon the properties of the radiator. 

By the vibrations of the cross columns, air is alternately 
being forced into and withdrawn from tbe fast moving stream. 
Air drawn out of the stream -will be retarded and air forced 
into it will be accelerated, tbns acting as a drag on tbe stream. 
These two effeete cause a great decrease in tbe flow of air 
through the radiator and a great increase in head resistance. 

At the same time the ver>- great turbnloncc caused in the air 
stream results in a high heat transfer per square foot of cool- 
ing s^aco for a pisen mose flow of air through the radiator, 
and this increase in beat transfer may be so great as to connt- 
« tbe decrease in air flow, but is not great enough in 
e observed to overcome the disadvantage of the in- 
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heat transfer is 


the pro] 
hig^ b 


: its bead resistance is also 
gfat of 
1 low B| 




t ne reisnon netween tbe mass flow of air through the rad- 
iators and free air speed is shown for three of the perforated 
tube types in plot 2. For ordinary radiators thia lelatioii is 
linear.and it is practically ao for the plain tnbe whistling typa 
The irregular form of these curves shows clearly the effect of 
the peculiar conditions of w flow in the radiator, the sudden 
chaises in slope of the curve corresponding to sudden changes 
in tone of the whistle, 

Plot 3 shows energy dissipated (heat transfer) in terms of 
■ lir. Tbe curve for the Qtpe B-4 was deternuned 
inoe tbe water boxes bad be< 

8 bead r 

should not be assigned to th - 

show a high heat transfer with a given mass flow of air, tor 
Plot 4 shows that tbe highest curve of Plot 3— that for E-^ 
four tnbes deep, 6-16 in. pitch — becomes low when heat traas- 
* T is plotted sgainst free air speed. 

■ id 6 show tl 1 . - — 


Plots 5 ai 


ow the complete propertiee of the type E-i 
flow of air, and in terms of free air speed, 
8 are reliable within tbe ranges eov- 

— -..t. .elation between mass flow of air and 

free air speed niahee es-tropolations extremely doubtful. 

Head resistanee of ordinary ndiatora is nearly proportionsl 
to the square of free air sp^, but the insularities in the 
head resistance curves of Plots 1 and 6 show that this is not 
the case with the whistling types. 

COMPABISON BETWEBN WHISTUNO RADliTOaS AOT) FLAT 
PUTB Ramatobs. 

The foregoing statements should not be interpreted as ap- 
plying in snv degree to radiators whose water tnbee are flat 
plates with smooth surfaces, and continuouB from front to rear 
of the raptor. 
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The whistling types arc characterized by low air flow and 
often low heat transfer (for a given free air speed), by high 
head resistance, and by a low figure of merit; but tbe flat plate 
typ« are characterized by higdi air flow and beat transfer (for 
s given free ^ speed), by low head resistance, and by a high 
ggore of merit. The following comparative tables abow tbe 
superiority of the flat plate types over the whistling typra. 


TABLE I. 


PxBFOBATiD Tube Type ano Flat Plate Type or the Same 
Pitch and Pbaoticallt the Same Depth. 



Te»t data are not available for a direct comparison of plain 
tube and flat plate types of radistor of the same pitch, but the 
pfaiii tube whistling type E-9 of three-fourths inch pitch may 
he CMiiiimrod with flat plate types of one-half inch pitch. It 
was previously shown that for flat plate types a pitch of one- 
half inch is better at high speeds than tbe closer spaeings, and 

fourths inch would be less eflleient. A comparison of the two 
types would appear to ^ve an advantage to tbe one of three- 
fourtlL« inch pitch. Two depths of the flat plate type are 



Fig. 19 

roii-tiliTed, giving approximately the same direct cooling sur- 
face Hint including fins), and the same actual depth of tnbes, 
resiH'-'tively, as the whistling types. A plain tube whistling 
tyin- 11-3, described in a French report, is also inclnded. 


TABLE II. 

CuuptRisoN OP Flat Plate anp Plain Tcbe Radiators. 
Free air speed, 120 miles per hour. 




Fig. 20 

Iw neeessarj- to sacrfice figure of merit of the radiator core 
for the benefit of heat transfer, but for unobstructed positions 
it apiiears that smooth strai^it air passages througii the rad- 
iator should he provided. 

Eprects O’ Yawiso Airplane Kaih.atobs. 

D-ffeient rad'ators show d’fferent effects on be-ng inclined 
at an angle' to the direetton of the air stream, but in general 
the rpsnll.s (for angles up to 30 deg.) are as follows: 

(1) Decrease in air flow through the core; 

(21 Incren.se in li<ad res'stanee; 

(.3) lu some I'anea slight inercase in the heat transfer, foi 
angles up to 20 deg. or 26 dt^. 

Wind-tunnel testa on radiators for aeronaut'e engines hav« 
usually been made with the face of the radiator normal to the 
direction of the wind, so that although local eddies mi^t be - 
set hp. the general direction of the air stream u-as strai^t as 
it passed through tbe radmtor. If tlie axes of the air paasagci- 
are inclined at an angle with the general direction of the air 
stream; or. in other words, if the face of the radiator is not 
normal to the a'r stream, the properties of the radiator will lx- 
somewhat changed, and it is the purpose of this report to show 
the general form of these changes. 

The effect of inclining the radiator at an angle with the air 
stream, or yawing the radiator, is of interest in connection with 
the following conditions: 

(1) Radiator mounted in the propeller slip stream, where 
the air strikes the radiator at other angles than normal to its 

(2) Radiator mounted in any position (such as the wing) 
where the axes of its passages for the air are not parellei to 
the direction of motion of the plane. 
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(3) Radiator pivoted abont aa axis perpendicular to the 
direction of motion of the airplane. This construction repre- 
sents one method that has been sug^ted for the regulation of 
cooling capacity. 

The effects of yawing a radiator through angles from 0 deg. 
to 45 deg. fail into tliree clasxcs, namely, the effects on (1) air 



flow througii the core, (2) heat transfer, and <3) head resis- 

(1 1 Epptxt os Air Flow Tiinoriiit the Core. 

For ordinary types of rad-ator tlie mass flow of air througii 
the eore is direetlv proportional to the free oir speed (tliat is. 
to the Hi>eed of the air stream in which tlie radiator is placed) 
when the face of the radiator is normal to the air stream. 

^awed positions and the results obtained with one of the sei'- 

Iween mass flow of air through the core and free a'r sjieed is 
still linear Iietween 30 and EH> m.p.b., hut the line points below 
the origin. The two typos tested are of square cell construc- 
tion. abont one-fourth inch in diameter. 

A aimilar effeit, but mnch more jironouneed. was observed 
in the case of a single type of core when in its normal (not 
yawed) [loaition. The niialt of this test is also shown in Plot 
i This type is made up with irregular shajied cells inclined 
at an angle of deg. to tlie normal to the fnee, alternate 
rows of cells he'ng inclined on opposite sides of the normal. 
It is illustrated in the an-ompany-ng phi>ti>giai<h. 

The type G-4 and ty|ies that whistle in the a'r stream sic 
the only rad'alors noted in wliieli Hie air How through the eore 
is not directly ]>ro|>ortiunBl to the free air speed. 


(2) EmKTT OK Heat Traksfiul 

No tests have been made at this bureau to determine the 
effect of yawing the radiator on heat transfer, but a French 
reiiort mentions a section (type not speeifled, but probably 
cellular) which showed an increase in heat transfer as the 
angle of yaw increased from 0 deg. to 20 deg. and then a de- 
crease-, bringing the heat transfer hack to its normal value 
with an angle of abont 40 deg. The maxiiimm increase ovec 
the normal valne was about 7 per cent. The French report 
further states that “with rad'atoi-s of water-plate type ths 
increase in heat transfer is not so clearly shown, but the de- 
crease in effeetiveness is hardly |>erceptibie below 40 deg. 

A British report states that thiw honej-conib types, each 12 

s<mi?«hat'over 20 per cent witli angles of yaw of about 45 deg 
A large honeycomb section -with 4.8 sq. ft. frontal area gave 
a maEiinum of about the same per cent at 25 deg. 

(3) ErrEcv os Heau Rejsistakce. 

Plots 2 and 3. for >4 in. stpiare eeli (No. 81) and % in. 
elliptical cell (No. 73). resiiectively, are given as typical of 
ordinary eeilnlar types. The liead resistance inereases rapidly 
with the an^e of yaw up to at least 30 deg. 


md 5 ai 


d tyiK» 


w the ' 


of the curves. The type No. 80 has. 
id its head resistance shows very litti 
» about 30 deg. The ty^ No. 79, i 
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Agmnst the Following Risks 
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TOHNS'MANVnXE Corrupted 
^ Asbestoe Roofing, used for the 
roofs and side walls of hanpis, 
gives weather-proof protection of 
splendid durability beause it is im- 
mune to the corrosive action of sea- 
air, smoke or acid fumes — and it 
never needs painting for its asbestos 
surface is amply able to resist any 
climate. 


Write for information about Johns- 
Manville Corrugated Asbestos Roof 
ing — you will probably find ft 
peculiarly suited to your needs. 


H. W. JOHNS ■ MANVILLE CO. 

Msdi^m Avenue el tisi Street. New York Cily 


C.VKADIAX J0;:XS.11ASVILLE CO.. Ltd.. Tvroillo 


ANNOUNCEMENT 

We are pleased to inform our 
many inquirers that we are now 
able to make immediate de« 
liveries on standard types of 


Some choice- territory still available 
to responsible distributers. 

HAMILTON AERO MFG. CO. 

MILWAUKEE, WIS. 


AInmiliuiii Company of America 

Gmeal Sdee Office, S400 Oliw BalUiat 
PnrSBUBGH, PA. 

Producers of Aluminum 

Vonu/seturws e/ 

Electrical Conductors 
for Industrial, Railway and Commer- 
cial Power Distribution 

also 

Ingot, Sheet,T ubing. Rod, Rivets, 
Moulding, Extruded Shapes 

also 

Litot Aluminum Solders and Flux 

CANADA 

HortbORi AlttPihiBin Co, Ltd, Toronto 
ENGLAND 

Noitbani Ahsmoism Co, Ltd, 

LATIN AMERICA 

oiwiwiiiw. 1 , Co. of SonOi America, nttalmrch. Pa. 


HAMILTON 
PROPELLERS 
OF QUALITY 


Beplember 1£, 1020 


AVIATION 


136 


“TAe Spark Plug 

That Cleans Itself** 


Edstrom Machinery Company 

WAR DEPARTMENT 
BUREAU OF AIRCRAFT PRODUCTION 
AIRI’LANE ENGINEERING DEPARTMENT 
McCook Field. Dsyloo. Ohio. U. S. A. 
REPORT Seriel No. M6 

B ^ G 



*‘Tht Plug with the Infinite Spark” 

BREWSTER-GOLDSMITH CORPORATION 

33 COLD STREET, NEW YORK CITY 

rsted espseiw of Ibe^eeble. 

e^pe^w^ ^faUed^^et loeds avere^BC 71 per caBt of ibe foU 

Note: The eine eablee eUadinr 100 per codI weie wraDoed 

wits tba epectaJ etreorih wrapplns win we eee on dU ear work, 
^old be 7^ Wr»ppinr IdacklBa 

FACTORY: 

Cary, III. 

(Near Chicago) 



PARAGON PROPELLERS 

Highly Developed Dynopter Design 

. Specie] for ]. N. Maebiues 


INFORMATION IS CAPITAL 

Every Weekly Issue of 

AIRCRAFT JOURNAL 

contains new ideas and fresh angles on the 
widening field of commercial aeronautics- 
information of real value to the manufac- 
turer, pilot or prospective purchaser, as 
well as those who are investigating aviation 
possibilities. 

It will pay you to keep cnrreDtly in- 
formed of the progress of commercial 
aeronautics, by reading AIRCRAFT 
JOURNAL each week. 

Fifty-two Issues Two Dollars 
Twenty-six Issues One Dollar 

THE GARDNER-MOFFAT CO, INC. 

22 East Seventeenth Street, NEW YORK 



The Economy Propeller 
Par Excellence 

Price ^45.00 F. O. B. Baltimore 
For Metal Sheathing Add $12.00 

These are a Special Development for O. X- Motors on 
]. N. Machines, now being made in large quantities and 
ready for immediate shipment on receipt of $13.00 
deposit C. 0. D. for balance, witb examination allowed 
before acceptance and eafe delivery guaranteed. Every 
one bears the Paragon mark, with all that the mark 
implies. Get onr General Bordet and List for other 
designs, etc. Write today. 

AMEMCAN PROPELLER & MFG. CO. 

1261-9 Covington Street 
BeJiimore. Herylend. H. & A 
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September 15, 


AVOID THE FIRE HAZARD 
PHENIX FIREPROOF DOPE 

on your Airplane 

.A REAL non-inflatnmable dope prevenling the 
^reading of 6re. 

Specify Phenix Fireproof Dope on your airplane. 
Aluminum or clear. 

PHENIX AIRCRAFT PRODUCTS CO. 
WILLIAMSVILLE, N. Y. 

nROPER instrument equipment assures 
• greater safety, better performance, 
lugber eftidency. K will pay you to 

investigate. 

nONEEB. INSTRUMENT COMPANY 
136 Havemeyer Street Brooklyn NY 




Grand Rapids Vapor Kilns 

are used by these aircraft concerns with absolute 
satisfaction. 

a Kfc. Co. 

— ?!?> — 

Sobtnit yonr drying problem to experts who make a 
apecisity of kiln design end are prepared to fumisb and 
install all cqoipiiient and instruments. 

GRAND RAPIDS VENEER WORKS 

Grand Rapids, Michigan Seattle, Waahington 

TYPE L-6 

AIRPLANE ENGINES 

Hall-Scott Motor Car Company 

West Berkeley, California 


IVarurick N0N”TEAR Aera-Cloth 
A SAFE CLOTH for FLYING 

For Porticulsr, Apply to 

WELLINGTON SEARS & CO. 

66 Worth Streeu New York 

A. J. MEYER MANUFACTURING CO. 
819 John Street West Hoboken, N. J. 

Flottorp Manufacturingr Co. 

AIBCEAFT PROPELLERS 

19U 

AIRPLANE INSURANCE 

FOE THE 

Manufacturer — Flyer 

Fire— CoJIiaion— Damage to Property of Others 
Legal Liabilitv — Life — Personal Accident 

213 Lyon St., Grand Rapids, Michigan 
Contractors to United States Government 

PBONE—IFRITE—WIRS 

HARRY M. SIMON 

81-8S Fulton St. New York. N. V 


gepCeiiiber 16, 1920 
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INDEX TO ADVERTISERS 


Aerortinrine Plane & Motor Co. . . 
Alamiimm Company of America 
Amerienii Propeller & Mf|f. Co.. 

B 

Baker Castor Oil Co 

Barker. F. W 

Brew,*ter-Ooldsmith Corp 

C 

Climax Mcilyhdennm Co 

D 

Doeliler Die-Casrting Co 


107 

134 

135 


134 
138 

135 


138 


Bdsiri.m Mndiinery Co 

P 

Ferdinand & Co., le IV 

FloHorp Manufneturing Co. . , . 

G 

Grand Kopids Veneer Works. . . 
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138 

136 
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Hall-S«.li Motor Car Co 

Hamilton Aero Alanufaeturint; Co. 


Johns-Mnnville Co., H. W 

.Tones Motrola. Ine 

L 

T.rF-W Fncincoring Co., Tnc 

M 

-Mnniifnetun-ra Airemfl Ass'n 

Man-ri. Tlie Glenn L.. Co 

Me>-er, .\. .1., MfR. Co 

P 

Phenix .\ircmft Producta Co 

S 

Sim.n. Haro* M 

T 

Thomas- Morse Aircraft Corp 

W 

Wellimnon, Seara & Co 

West \ irginia Aircraft Co 

Wrigld .leronmitjeat. Corp . , , 


134 

133 


134 

137 

133 
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136 


130 

136 

136 
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JONES TACHOMETERS 

Acknowledged by experts as the 

“BEST BY TEST” 


Jones Aeroplane Tachometer 



as desifned espec- 
for the United 
M Navy Depart* 
l (or use in the war. 
splendid record of 
ce. under all con- 


ed by the Famous 
Trans-Atlantic (light of 
the N C I. N C 3 and 
N C 4, It is the light- 

type yet produced. 


The Jones Aeroplane Tachometer com- 
prises the Standard Jones Head, which ia 
being widely used_ in commercial fields. This 
instrument la particularly adapted for use on 
special testing outfits, such as magneto and 
dynamometer test sets, etc. The dial ia evenly 
spaced throughout, thus making possible 
quick and accurate readings of revolutions 
per minute. 


can be 
as pre- 


We have designed the /ones Hand Tachometer 
especially for portable use. This instrument has proven 
invaluable in Colton and Paper Mills and Machine 



Shops, etc. A special disc, one fool in circumfer- 
ence, can be supplied to show peripheral, or surface 
speed in feet per minute. 


Send to-day for a report of teat 
by the United States Bureau of 
Standards, and for our new boohlet. 


JONES-MOTROLA, INC. 

29 West 35th Street New York 

•SS.K7 WmSw., 4 Atna,. DflgOrT, MICH. I. W. SECEU. ATLAST*. CA 
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For^oor Flyin, 

LEARN TO FLY 


»u ssanalsctaran • f 


^''"4 fill 

ml Wateii.proo|i [||| E 

IMQUID clv i| 

AMERICAN ACES 

Army Training Planes Used. 
We Build Our Machines. 

Dn'' vnuwcAND « ^11 



FREDERICK W. BARKER 

REGISTERED PATENT ATTORNEY 
2 RECTOR STREET NEW YORK • • 

TtUphont 4174 Rector Ocer 30 Years in Practice 


Capnble "War Pilot” wonts position flying. TtaoroogUy 
expsrienced on Hgndlsy-Pages, and all smaller types. C. R. 
HO ABB, 669 Drexel Aveone, Detroit. 


CLASSIFIED ADVERTISING 

A«> 


SaOTICAb EHOIHISBINO. S'. 


AooKsunCAi. Socnrrr or Aukoica 
rsoif 1916 TO 1919 


SPECIALTY-. Patent Claims That Protect 



TION 


139 


An Unusual Opportunity 

To Complete Your Files of 

Aviation and 
Aeronautical Engineering 



Wi;' l^‘ 


VOL. V 
l’’OL. VI 
VOL VII 



3.00 

3.00 

3.00 

3.00 

3.00 


THE GARDNER, MOFFAT COMPANY, Inc. 

22 East 17lh Street New York City 


Aeronautical Engineering and Airplane Design 

By UEVTENANT ALEXANDER KLEMIN 



Price, Postpaid, in the United States. $5.00 Net 


The Gardner, Moffat Company, inc., Publishers 

22 Ea»t 17th Street, New York City 






The world’s increasing business demands quicker dis- 
tribution and closer links of association which are possible 
only through greater and faster transportation facilities. 
Airplane transportation today provides enlarged distribu- 
tion and thus makes possible the economy of mass pro- 
duction. Airplrmes are no longer merely military requisites. 
They are commercial necessities, for ihe\) are transporta- 
tion. 

People in all I^aes of activities are coming more and 
more to the realization of the practicability of the airplane. 
The unusual opportunities an airplane passenger, mail 
or express service offers as a profitable investment should 
appeal, when fully understood, to capital. 

Information and analysis of investment and profit, pertaining 
to the operation of any contemplated airplane transportation 
service will be gladly furnished by the Bureau of Martin 
Airplane Transportation Information. 



TMAQC MAJWt 


The Glenn L. Martin Company 






